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Abstract 


The  corrosicn  rates  of  nagneslum  and  aagnssium  alloys  in  isagneslum 
salt  solutions  of  chloride,  hroinlde,  and  perchlorate  were  studied  by- 
measuring  the  gaseous  reaction  produc!;  as  a  function  of  time.  Reliable 
apparatus  was  developed  to  accurately-  deteimlne  the  volumes  of  gas 
generated*  Protecti-ve  films  were  applied  to  the  surface,  of  the  magncsixan 
metal  to  suppress  excessive  chemical  reacti-^rity-  at  the  metal- electrolyte 
interface,  thewby  reducing  static  corrosion  rates.  Cramolin,  one  of 
the  films  tested,  reduced  the  gas  evolution  of  an  A^ZSl  Mg-2N  MgBrg  system 
from  400  cc/800  hrs  to  0,1  cc/800  hrs. 
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A  STODT  OF  FACTORS  AFFECTING  THE  CORROSION  RATE  OF 
MAGNESIUM  IN  VARIOUS  ELECTROLYTES  UNDER  STATIC  CONDITIONS 


INTRODUCTION 

In  a  nagneslum-nanganeie  dioxide  prlnaxy  ceLl,  water  In  the 
electrolyte  reacts  with  the  aagnesltim  In  accordance  with  the  reaction 

Mg  +  SHgO  - Mg(0H)2  + 

to  form  a  protective  film  of  magnesium  hydroxide  at  the  anode.  Although 
this  hydroxide  film  enhances  the  storage  life  of  magneslvun  dry  cells.  It 
Induces  undeslreahle  transient  polarisation  (delayed-action)  when  an 
anodic  current  Is  applied  to  the  magnesium  anode. 

This  study  Is  based  on  the  postulation  that  the  application  of 
mlcro-thln  ionic  conductive  filM  to  the  magnesium  anode  will  produce  an 
overall  advantageous  effect  on  the  shelf  life  and  delayed  action  of  the 
magnesium  dry  cell.  It  was  assumed  that  the  protective  f  j-lms  would 
provide  the  effective  separation  of  active  materials  so  essential  to 
prolonged  shelf  life,  and  would  Isahlbit  the  formation  of  meignesium 
hydroxide  on  the  anode,  thereby,  reducing  initial  transient  polarization. 

The  objective  of  this  program  was-  to  study  the  chemical  reactivity 
rate  between  magnesium  and  various  electrolytes  on  stand  and  to  Investi¬ 
gate  means  of  Inhibiting  this  reaction. 

The  method  of  investigation  in  the  study  involved  static  tests  in 
\rtilch  a  magneslxim  alloy  of  known  composition  was  placed  In  an  envlroment 
of  electrolyte.  The  gas  generated  by  the  resultiiig  chemical  reaction  was 
collected  and  meesxired  as  a  function  of  time.  The  reaction 

Mg  +  2H^0  - ^  Mg(0H)2  Hg 

indicates  that  for  every  mole  of  Mg(0H)2  that  is  formed  one  mole  of  H2 
is  evolved.  It  then  follows  that  If  the  gaseous  reaction  product  is 
collected  and  measured  for  a  specific  period  of  time,  the  amount  of 
Mg(0H)2  formed  during  that  period  can  readily  be  calculated. 

EXPERIMENTAL  PROCEDURE 

a.  Test  £<j;ulpnent 

Large  volumes  of  gas  were  collected  in  accordance  with  the  dis¬ 
placement  of  liquid  under  glass  technique.  A  50  milliliter  bxirette  -was 
inverted  in  a  100  milliliter  beaker  of  electrolyte.  The  burette  -was 
then  filled  with  electrolyte  by  the  evacxj^tion  of  air  through  the  stop 
cock.  To  prevent  a  change  in  electrol^e  concentration  due  to  e-vapor- 
ation,  paraffin  oil  was  used  to  cover  the  surface  of  the  electrolyte 
remaining  in  the  beaker  (Figure  l). 
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To  accurately  measure  very  small  volumes  of  gas,  a  special  glass  . 

cell  vas  constructed.  This  apparatus  consisted  of  a  14/35  tapered. 

:  i  ground  glass  Joint  that  had  been  fitted  at  one  end  with  a  1.0  cubic 

I  i  centimeter  pipette  and  sealed  at  the  other  end  to  form  a  reaction  chamber  ! 

"  having  a  voliane  of  approximately  10,0  cubic  centimeters.  The  pipette 
was  extended  into  the  reaction  charber  well  below  the  Joint  so  that  the 
capillary  of  the  pipette  woiold  always  be  below  the  level  of  the  electro¬ 
lyte.  In  operation,  the  gas  generated  displaces  an  equal  volume  of 
electrolyte  from  the  reaction  chamber.  The  electrolyte  is  forced  into 
the  calibrated  pipette  allowing  measurement  of  the  gas  volume.  A 
detailed  sketch  of  this  apparatxis  is  shown  in  Figure  2. 

b.  Preparation  of  Sample 

All  magnesium  samples  used  in  this  investigation  had  a  surface 
area  of  approximately  one  square  inch  and  were  cleaned  in  trichloro¬ 
ethylene  before  testing, 

} 

c.  Accuracy  { 

All  of  the  gradxiated  glassware  used  was  in  accordance  with  ? 

specifications  of  the  National  Bureau  of  Standards.  The  burettes  used 
were  graduated  from  0  to  50  milliliters  in  divisions  of  0.1  milliliters. 

The  1.0  cixbic  centimeter  pipettes  were  graduated  in  subdivisioM  of 
'  0.01  cubic  centimeters  making  it  possible  to  read  accurately  to  +  0«,002 

of  a  cubic  centimeter.  However,  when  using  gas  measuring  devices  certain 

relative  factors  must  be  considered,  especially  when  smell  volume  changes  ^ 

are  being  deteimined.  For  instance,  changes  in  temperature  and  j 

atmospheric  pressure  will  resvilt  in  a  substantial  deviation  from  true 

test  measurements.  Accordingly,  these  experiments  were  conducted  in  a  j 

room  where  the  temperature  was  maintained  at  21°C  +  0.5°C.  By  placing  > 

the  reaction  chambers  of  the  test  cells  in  an  aabient  temperature  water  ; 

bath,  the  0.5®C  temperature  deviation  was  reduced  to  approximately 

+  0.25°C.  Since  atmospheric  pressure  is  somewhat  more  difficult  to 

control,  a  method  of  numerical  compensation  was  devised.  An  additional 

microvolumetric  gassing  cell,  containing  only  the  type  and  concentration 

of  electrolyte  being  studied,  was  positioned  in  the  water  bath.  Any 

change  noted  in  the  electrol^e  level  in  this  calibrated  pipette  was 

attributed  to  a  change  in  atmospheric  pressure  and  all  other  pipette  i 

readings  were  compensated  accordingly. 

I 

DISCISSION  I 

The  objective  of  this  program  was  to  study  the  effect  of  electrolyte  I 

and  anode  composition  on  the  open  circuit  corrosion  rate  of  magnesium  i 

electrodes  and  to  investigate  fatty  acid  and  silicon  films  as  corrosion  \ 

inhibitors.  The  results  of  an  experiment  designed  to  evaluate  the  i 

corrosion  rate  of  magnesium  and  magnesium  alloys  in  aqueous  salt 
solutions  of  various  concentration  are  shown  in  Table  I.  Increasing 
the  concentration  of  the  electrolyte  solutions  resvilted  in  increased 
reactivity.  Data  in  Table  I  also  shows  that  the  alloy  ingredients  have 
a  marked  effect  on  the  static  corrosion  characteristics  at  all  normality  I 


2 


.1.. 


■ipWilHIi 


levels  of  the  electrolyte  solutions  tested.  Generally,  as  the  aluminum 
content  of  the  magnesium  alloy  increases  the  reactivity  decreases. 

Magnesium 

Alloy  jo  A1  Zn 

AZ-10  1  0.5 

AZ-21  2  1 

AZ-31  3  1 


Aluminum  is  added  to  magnesium  to  reduce  local  action  caused  by  the 
presence  of  iron,  the  major  impurity  in  magnesltna.  The  addition  of  zinc 
to  the  alloy  mixture  results  in  a  more  tmifoxn  surface  dissolution  of 
the  magnesium  alloy. 

To  determine  the  relationship  betveen  the  JC  of  the  test  electro¬ 
lytes  and  the  corrosion  rate,  pH  values  were  plotted  as  a  function  of 
both  electrolyte  concentration  and  gas  evolution,  (Figures  3  &  As 
the  electrolyte  concentration  increases  all  solutions  become  more 
acidic.  It  can  also  be  seen  that  the  pH  range  of  magnesium  perchlorate 
is  much  greater  than  the  other  electrolytes;  consequently,  it  is  the  most 
acidic  at  high  concentrations  and  the  most  basic  at  low  concentrations. 

Of  interest  in  Figure  If  is  the  fact  that  the  gassing  rates  tend  to 
equalize  as  the  electrolytes  approach  neutrality  (pH  ?)•  Figure  5 
illustrates  that  the  chemical  reactivity  of  magnesim  perchlowite  with 
magnesium  is  lower  than  that  pf  magnesium  bromide  and  magnesitim 
chloride,  and  that  gas  evolution  decreases  as  the  electrolyte  concentra¬ 
tion  decreases.  The  data  also  emphasized  the  advantage  of  magneslimi 
alloys  over  pure  magnesium. 

Under  an  investigation  of  anode  coatings  the  following  materials 
were  tested: 


Cramolln 
Lanolin 
Ricilan  "C" 
Silicone  SF-9^ 
Silicone  R-101 


Silicone  Vamich  ff99T 

Siliclad 

Oleic  Acid 

Polyco 


Unless  otherwise  stated. all  tests  were  conducted  using  a  4  N  solution 
of  magnesium  bromide  as  the  electrolyte  and  AZ-21  magnesium  alloy.  It 
can  be  seen  from  Figure  6  that  all  of  the  coatings  did  retard  reactivity 
as  evidenced  by  the  decrease  in  gas  evolution.  Cramolin,  a  commercial 
electric  contact  cleaner  containing  fatty  acids,  proved  to  be  the  most 
effective.  The  effectiveness  of  Cramolin  in  reducing  the  corrosion 
rate  of  magnesium  and  magneslxsa  alloys  in  various  ele  ‘trolytes  is 
further  demonstrated  in  Figure  7* 


Experiments  were  conducted  on  methods  and  techniques  of  applying 
Cramolin  films  to  magnesium.  Benzene,  a  solvent  for  cramolin,  was  used 
as  a  diluent  to  control  film  thickness.  Cramolin  solutions  were  applied 
to  the  magnesium  test  sample  by  brushing,  dipping,  or  soaking  the  anode 
material  for  varied  periods  of  time.  Magnesium  samples  that  had  been 
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immersed  in  solution  for  at  least  two  weeks  gave  the  best  results. 
Further  experimentation  resolved  that  the  soaking  process  could  be 
accelerated  by  using  an  ultrasonic  vibration  bath.  VHien  a  sample  was 
removed  from  the  Cramolin  solution,  it  was  either  air  dried  at  room 
temperature  or  oven  dried  at  temperatures  ranging  from  40  to  60^C. 

Both  drying  techniques  were  investigated  through  a  time  range  of  1  to 
l8  hours.  Oven  drying  at  55  to  60°C  for  periods  between  8  and  l8  hours 
proved  to  be  the  most  favorable.  To  optimize  the  ratio  of  benzene  to 
Cramolin  required  to  form  the  most  effective  film,  mlcrovolmetric 
gassing  tests  were  conducted  on  magnesium  test  samples  in  accordance 
with  the  following  schedule; 


Beiizene 


Cramolin 


0  to  1 

5  to  1 

7  to  1 

9  to  1 

11  to  1 


The  results  of  this  experiment  are  shown  in  Figure  8,  Maximum  film 
protection  was  attained  using  a  solution  of  7  parts  of  benzene  to  1  part 
of  Cramolin. 

CONCLUSIONS 


The  magnitude  of  the  corrosion  reaction  between  magnesixm  and 
aqueous  salt  solutions  is  a  function  of  the  following: 


Electrolyte  concentration 
Electrolyte  composition 
Alloy  ingredients 
Inhibitors 


Of  all  the  inhibitor  materials  tested,  Cramolin,  when  properly 
applied,  most  effectively  reduces  the  corrosion  of  magnesi\an  diiring 
stand  in  aqueoxxs  salt  solutions. 

Cramolin  films  applied  to  the  magnesium  anode  limit  reactivity  at 
the  magnesivm- electrolyte  interface  under  static  test  conditions  by 
hindering  the  accessibility  of  the  electrolyte  to  the  metal  surface. 
Additional  study  will  be  required  to  determine  the  effect  of  this 
passivity  on  initial  ti'ansient  polarization  when  an  anodic  cxirrent  is 
applied  to  the  magnesium  anode. 
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GAS  COLLECTING  APPARATUS 

FIG.  I 
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ELECTROLYTE  CONCENTRATION 
(NORMALITY) 


ELECTROLYTE  CONCENTRATION  VS.  pH 
FIG.  3 
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GAS  EVOLUTION  IN  MILLILITERS/IN^  OF  PURE 
MAGNESIUM  DURING  MOO  MINUTES  IMMERSION  VS.  pH  OF 
SEVERAL  ELECTROLYTES 


ELECTROLYTE  CONCENTRATION 

NORMALITY  NORMALITY  NORMALITY 


GAS  EVOLUTION  (MILLILITERS) 


AZ-31 


GAS  EVOLUTION  (MILLILITERS) 


GAS  EVOLUTION  DURING  MOO  MINUTE  TEST  VS. 
ELECTROLYTE  CONCENTRATION 

FIG.  5 
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TIME  (HOURS) 


GASSING  RATES  OF  AZ-21  MAGNESIUM  IN  FOUR 
NORMAL  MAGNESIUM  BROMIDE  WITH  PROTECTIVE 

COATINGS 


FIG.  6 


GAS  EVOLVED  (MILLILITERS) 


ALL  HAQMESIUM  SAMPLES  SOAKED  IN  CRAMOLIH  SOLUTIONS  FOR 
FOUR  WEEKS  AND  THEN  OVEN  DRIED  t  60*C  FOR  18  HRS. 


•EFFECT  OF  BENZENE  TO  CRAMOLIN  RATIO 
ON  REACTION  RATE  OF  AZ-21  ALLOY  WITH  MoBr2 

ELECTROLYTE 


FIG.  8 
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